Abstract-Engineering education is constantly challenged to bridge the gap between classroom and real world problems. In this paper, we report on the experience at PSUT of complementing the teaching of digital signal processing through project based learning. A low cost digital stethoscope is utilized by students to record heartbeat sounds and apply DSP concepts to extract vital information from the signal. The ability to apply concepts learned in the classroom to a real world problem was an important element that motivated students. The feedback from students reinforced the effectiveness of these techniques in teaching concepts of digital signal processing.
INTRODUCTION
In the 21st century, teaching scientific majors such as engineering is no longer about simply reading textbooks or applying mathematical formulas to solve prepared questions or problems. Students are encouraged to work on technical aspects that solve real life problems. It is important to develop innovative "real life" educational methods, rather than "teachby-telling." The United Nations declared a Decade of Education for Sustainable Development (ESD) to integrate the principles, values and practices of sustainable development into all aspects of education and learning to encourage changes in behavior that will create sustainability [1] .
The Accreditation Board for Engineering and Technology has modified their accreditation criteria to place an emphasis on project-based learning (PBL), and selfdirected learning (SDL) to support life-long learning [2] . Integrating PBL into the engineering curricula is more effective than a single experience such as a final year project or laboratory activity. This way, students can develop a mastery of the fundamentals of science, engineering and mathematics. Projects are proven to have an impact on the students' performance and understanding by teaching student's skills as well as knowledge.
In this paper, we consider an undergraduate course in Digital Signal Processing (DSP) at Princess Sumaya University for Technology (PSUT). Our objective is to design a low cost project that best facilitates student learning. We consider the following related goals: improving understanding of core DSP concepts and to draw connections between DSP theory and practice.
This course is an elective for students in different disciplines of Electrical Engineering, which make it a significant challenge to design it to accommodate each student based on his individual learning goals.
As for the communication engineering students, applying DSP concepts to process audio signal in MATLAB will give them the ability to experience the results in real applications.
The project proposed for this course is to apply basic DSP techniques to improve recorded heart beat sound. The hardware part of this project is simply to use a digital stethoscope (i.e. a medical stethoscope attached to a microphone) connected to the audio jack of the PC. Once the heartbeats are recorded, students can apply different DSP techniques learned in the class using MATLAB. The low cost of the project made it easy for all students to run the project.
This work is organized as follows: in section 2 we introduce project based learning, section 3 briefly describes the course content, and section 4 introduces the implementation of the project. Section 5 describes learning modules associated with the project and section 6 reports on student feedback. Finally, the conclusion is provided in section 7.
II. PROJECT BASED LEARNING
Project-based learning (PBL) was first developed in the medical field in the mid-1950 [3] . It introduced the concept that the best learning comes from actually participating in the learning through a project or experience. Later in the 1970's Engineering began to adopt PBL. PBL starts by defining a problem, providing the students with a contextual environment to work with and come up with solutions through integrating the knowledge and self-learning.
Project-based learning (PBL) is becoming increasingly popular in engineering [3] [4] [5] [6] [7] . Projects can operate in widely diverse contexts and approaches. Page 32 theoretical knowledge to targeted problems. PBL aims to enhance engineering education by improving student's skills and grasp of target knowledge. The main objective of any engineering department is to motivate and inspire students to learn engineering in its practical aspects as well as theoretical knowledge.
PBL components should be well designed to complement theoretical course contents. In this work, a proposed project with two parts: the hardware part represented by a digital stethoscope connected to the audio jack of the PC; and the software part represented by running DSP modules (e.g. 1 st or 2 nd order filter, up/down samplers) in a MATLAB environment. The flexibility gives students freedom to conduct the experiment in nearly any location. The programming environment will improve the students' understanding of how filters/samplers affect the input signal. Working on familiar signals (e.g. heart beating sound) will allow the students to grasp more fundamental concepts in DSP.
III. PROJECT DESCRIPTION
An introductory course in digital signal processing exists in most undergraduate engineering curriculums. The course introduces digital filter design and frequency analysis of signals. To reinforce design concepts, universities offer laboratory work that complements the concepts covered in the classroom. When the curriculum does not contain laboratory work, it is imperative to offer an alternative that helps students apply the theoretical work to comprehend new concepts. Currently, the DSP curriculum at PSUT does not offer laboratory work and therefore project based learning is adopted to complement the course work.
The introductory course in DSP covers the following concepts: sampling theory and analog to digital conversion; filter design: infinite impulse response (IIR) and finite impulse response (FIR) and frequency analysis using discrete Fourier transform (DFT).
In designing a project that reinforces the theory studied in the classroom, it was decided that the project should meet the following requirements:
The project should cover different major topics studied Students should be able to work on the project according to their schedule
The project should have a practical application To meet the above requirements, it was decided to utilize the vital signs, in particular a heartbeat audio recording, as a sample file that students study and apply different analysis and design techniques. The heart sounds is a result of blood flow of the beating heart. In healthy adults, there are two sounds generated by the movement of the heart. The first sound (S1) is a result of ventricular contraction, or systole, causing block of reverse blood flow due to closure of atrioventricular valves. The second sound (S2) is produced by the relaxation of ventricles at the beginning of ventricular diastole shutting valves between the ventricles and arterial vessels.
The electrical activities of the heart can be measured using ECG. The ECG trace is composed of Q, R, and S waves to form the QRS complex. These waves are associated with contraction of ventricles due ventricular depolarization. The ECG and acoustical signals are illustrated in Figure 1 . The objective of the project is to determine timing of S1 and S2 utilizing the recorded signal.
To personalize the experience and make it more exciting, students are given the choice to record their own heartbeat sounds to analyze. For students who chose not to record their own audio, several sample audio files are made available for download on the course website.
IV. IMPLEMENTATION
The hardware used is rather simple. It consists of a stethoscope that is coupled to an audio microphone to enable the recording through a PC or a mobile phone. The hardware is illustrated in Fig. 2 below. The analysis component is provided by Matlab software. Matlab enables students to record the audio file and save it to a disk. The command in Matlab enables recording using different sampling rate. A typical audio signal will look similar to the one displayed in Fig. 3 . Once the audio signal has been obtained, student can start processing the data. The next section will look at different learning modules that are proposed. 
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A. Sampling Theory
The first module aims at familiarizing students with sampling theorem and digital signal representation. The students are expected to display the sampled data using correct time reference. Thus students utilize sampling time to generate a vector that represents sampling times. Students are requested to change the sampling time of the audio signal using a Matlab command and comment on the impact on the audio signal as well as determine the lowest sampling rate that meets Nyquist sampling theorem.
B. Filter Design
Several techniques exist for designing digital filters. This module requires students to apply different techniques to their audio signal with the objective of reducing noise. For each filter, the calculation of filter order and specifications are performed prior to filter implementation. The filter is then applied to the sample file and input and output are compared.
During this module, students are expected to implement FIR and IIR filters. For each filter the students are expected to propose their own cut off frequencies and filter gain based on their sample signal. During the course of the project, students are expected to design two IIR filters and one FIR filter. The IIR filters are specified to be Butterworth and Chebyshev filters. After students determine filter specs, they utilize Matlab to implement the filter and obtain filter frequency response and output. A typical filter will look similar to Fig.  4 . The output of the filter is then applied to averaging filter to obtain a graph that highlights S1 and S2 as shown in Fig. 5 . 
C. Frequency Analysis
To fully understand the impact of signal processing on the sampled signals, students are asked to calculate and display frequency analysis of filter inputs and outputs.
The students utilize FFT and IFFT command in Matlab to calculate the discrete frequency transform. For each filter, the students are asked to plot and comment on the DFT of input and output signals.
VI. STUDENT FEEDBACK
The project based learning utilizing vital signs has been adopted for two semesters. The students are asked complete a survey that assesses the effectiveness of the project in reinforcing DSP concepts.
The table below summarizes the feedback from students after completing the project. For each question, students are asked to rate their assessment by entering a numerical value to indicate (1) strongly agree and (5) The project is worth the time and effort 0 1 9 15 10
As the table shows, the majority of students found the project an effective tool in helping them apply concepts learned in class to solve a real engineering problem. The majority also show more interest in DSP as a result of the project. The fact that the project has a practical, "real life" aspect motivated the students and made the work more interesting. Overall, the majority agreed that the time and effort spent on the project were worth it.
VII. CONCLUSION
This work reported on the experience of having project based learning to complement course work. By adopting a practical problem, students were excited about applying the concept to solve the problem. The feedback from students reinforced the effectiveness of the tool in teaching fundamental concepts of DSP to students.
